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Abstract 
N-acylhomoserine lactones (NAHL) are signal molecules synthesized by several phytopathogenic bacteria. In Pectobacterium 
carotovorum, the virulence on potato plants and tubers is modulated by such signals. The inactivation of NAHL signals therefore 
permits to reduce the aggressiveness of the bacterial pathogen, hence the severity of the disease symptoms. One of the 
antivirulence strategies investigated in our laboratory consists in the application of gamma-caprolactone (GCL) to stimulate the 
growth of indigenous, NAHL-degrading bacteria in the rhizosphere of Solanum tuberosum. When this treatment was applied to 
hydroponic cultures of S. tuberosum in green houses for tuber production, a significant increase of the ratio of NAHL-degrading 
bacteria among total cultivable bacteria was observed in several independent experiments and the implicated bacteria belonged to 
the Rhodococcus and Delftia genera. This work highlights the opportunity to manage the NAHL-degrading bacteria in a complex 
environment such as rhizosphere. 
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1. Introduction 
Impact on soil and water quality of treatments directed against plant pathogens in agriculture is a crucial problem 
especially with respect to biological diversity and human health. Novel strategies from ecological engineering are 
developed to minimize the impact of agricultural practice on the environment. Among them, the biostimulation 
approach was proposed for enhancing beneficial functions of the soil microorganisms. 
Soil bacterium Pectobacterium is the causative agent of two diseases on potato plants, black legs on the aerial 
plant tissues and soft rot on the tubers. In Pectobacterium, expression of the virulence functions (mainly macerating 
enzymes) requires the biosynthesis and accumulation of a bacterial signal, N-acylhomoserine lactone (NAHL) [1]. 
However, several soil bacteria are able to cleave the NAHL signal, therefore can antagonize virulence in 
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Pectobacterium; some of them, which belong to Bacillus and Rhodococcus genera, are proposed as biocontrol 
agents for protecting potato plants [2,3]. 
As an alternative or complement to the introduction of NAHL-degrading bacteria in the plant environment, we 
proposed the application of biodegradable biochemicals which are able to stimulate the growth of the natural 
NAHL-degrading bacterial populations [4]. In this work, we report evaluation of the biostimulation approach using 
gamma-caprolactone (GCL) as an efficient compound for stimulating the growth of NAHL-degrading bacteria, 
including those belonging to Genus Rhodococcus, in the hydroponic culture of Solanum tuberosum.
2. Methods, results and discussion 
The efficiency of GCL treatments in hydroponic cultures of Solanum tuberosum var. Allians was evaluated in 
greenhouses of company “Comité Nord” at Bretteville-du-Grand-Caux (Normandy, France). The plants were 
cultivated in vitro under axenic conditions, then placed into batches in a greenhouse in a non-sterile environment. 
Especially, a non-sterile nutritive solution was used and served as a source of naturally occurring bacteria. Before 
(D0) and at 14-day (D14) and 28-day (D28) following the applications of GCL (0.1 and 0.4mg/mL), the total 
number of cultivable bacteria was determined, as well as the percentage of NAHL-degrading and NAHL-producing 
isolates [4]. An untreated batch was used as a control. In the two independent experiments (Fig. 1), cell density 
(CFU/g of root) consistently increased 14-day after the application of GCL at 0.4 mg/mL. However, no repeatable 
modification of the percentage of NAHL-producing bacteria was observed. In contrast, an increase of the percentage 
of NAHL-degrading bacteria was consistently noticed 14-day after GCL (0.1 and 0.4 mg/mL) applications. In the 
case of the higher concentration of GCL, such an increase was still observed 28-day after the treatment in both 
experiments.
 
 
 
 
 
Fig. 1. Total cell density (CFU/g of fresh root), percentages of NAHL-degrading and NAHL-producing strains in potato rhizosphere before (DO; 
white bars) and after 14 days (D14; black bars) and 28 days (D28; grey bars) following GCL application at two concentrations (0.1 and 
0.4mg/mL). An untreated batch was used as a control 
The percentage of NAHL-degraders and NAHL-producers was estimated among cultivable bacteria (CFU/g fresh 
weight of roots), which were recovered from potato rhizospheres before (D0; white columns), and 14-day (D14; 
black columns) and 28-day (D28; grey columns) after the treatment with GCL at 0.1 and 0.4 g/L. An untreated batch 
was used as a control in the two independent experiments performed. The mean of three replicates are shown. 
Statistically different values (Student t test; 0.05) are noted by different letters. 
The NAHL-degrading bacteria were identified by partial sequencing of the rrs gene in the untreated and GCL-
treated conditions (Table 1). At D0, most of the NAHL-degrading isolates were identified as Delftia. However, at 
D14 and D28, the Agrobacterium isolates dominated in untreated batches, while they were not detected in the 
treated batches. In those, the more frequently counted bacteria were Delftia and Rhodococcus. Noticeabely, all these 
Delftia and Rhodococcus isolates grew on GCL as a sole carbon source, suggesting GCL directly stimulates the 
growth of these NAHL-degrading bacteria. Moreover, 30 NAHL-degrading isolates belonging to the 
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Agrobacterium, Delftia, and Rhodococcus genera were individually tested for their capacity to antagonize the 
virulence of Pectobacterium in tuber maceration assay. The most efficient protecting agents are the Rhodococcus 
strains [5]. 
 
Table 1. Diversity of NAHL-degrading bacteria recovered from plant cultures by partial sequencing of the rrs gene before (DO) and after 14 days 
(D14) and 28 days (D28) following GCL application at two concentrations (0.1 and 0.4mg/mL). An untreated batch was used as a control 
 
 
 
 
 
 
The impact of the GCL-treatment on the structure of bacterial communities were thereafter evaluated using 
DGGE analyses performed on D14 and D28 samples from GCL-treated and untreated batches. 
 
 
 
 
 
Fig. 2. Impact of the GCL-treatment on the structure of bacterial communities by DGGE analyses before (DO) and after 14 days (D14) and 28 
days (D28) (left and right wells, respectively) following GCL application at two concentrations (0.1 and 0.4mg/mL). An untreated batch was used 
as a control 
DGGE analyses were performed on two samples from a same batch at 14-day after the application of GCL (0.1 
and 0.4 mg/mL). Numbered bands on pictures were analyzed by sequencing. For each sequence or group of 
sequences, one of the closest rrs sequences was indicated. It is identified by its Genbank number, the similarity 
indice (SI) that was calculated at Ribosomal Database Project (http://rdp.cme.msu.edu/), and the name and 
taxonomical position of the bacteria of origin (Bact, Bacteria; BC, Bacteroidetes/Chlorobi group; Firm, Firmicutes; 
α, α-Protéobacteria; β, β -Proteobacteria; and γ, γ -Proteobacteria). 
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This approach revealed a drastic remodelling of bacterial populations after GCL application (Fig. 2). Such 
modifications were most visible in the presence of the highest concentration of GCL (0.4 mg/mL). Some identified 
bands were more intense, or only present, in the batch treated with GCL at 0.4 mg/mL. The nucleotide sequence of 
these bands was related to those of the rrs genes of the Flavobacterium, Acidovorax, Thermomonas genera. Some 
others bands were more intense - or only present - in the untreated batch. In this case, they were generated from 
bacteria close to Flexibacter, Acidovorax, Xanthomonas, Thermomonas genera and to an uncharacterized 
Rhodocyclaceae bacterium. Some different bands, which were related to Thermomonas and Acidovorax genera, 
were absent or present in untreated and GCL-treated samples. This feature suggests a fine modification of the 
structure of bacterial populations at sub-genus level. 
We started a deeper analysis of the GCL impact on microbial populations using metagenomics [6]. DNA was 
extracted from total bacteria recovered from GCL-treated rhizosphere, and used for construction of a large library, 
which was expressed in E. coli. A screening for disruption of NAHL-mediated signalling revealed a fosmid of 
50kbp containing a gene encoding a novel NAHL-cleaving enzyme. The analysis of this enzyme is in progress. 
3. Conclusions 
The GCL-treatment stimulates the growth of NAHL-degrading bacteria which also assimilate GCL as a sole 
carbon source. Most of them belong to the Rhodococcus genus, and are efficient biocontrol agents against 
Pectobacterium in maceration tuber assay. Our next work will investigate the GCL-induced modification of the 
structure of bacterial populations using deep sequencing, as well as the fate of GCL and its by-products in the plant 
environment.
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